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(54) BETPOTYPEMHHA^ 3J1EKTPOCTAHL4MJH 

(57) PecjDepaT: 

H3o6peTeHne othochtca k o6\nacTH 
BeTposHepreTMKH. Tgxhumgckum pe3ynbTaT, 

3aKflfOMaK)LHHMCfl B nOBbllLieHMM Kl~lfl n 

CTa6mibHOCTM 3JieKTpoflBH>KyLAeM CHJibi npn 
M3M6HeHnn CKopocTH BeTpa h Harpy3KH 
sneKTporeHepaTopa, ooecneHMBaeTca 3a cneT 

TOrO, HTO B BGTpOTypSUHHOM 3JieKTpOCTaHL4HH, 

coflep>KaLL^eM ycunnTenb ckopocth BeTpa, 
B03Ayu-iHyfo Typ6nHy n reHepaTop nocTOflHHoro 



TOKa co CTa6nnw3aTopoM 3neKTpoABH>KyL4eM 
cunbi, cornacHO M3o6peTeHMK3 ycunnTerib 
CKopocTH BeTpa, AByxcTyneHHaTaa B03AyuJHafl 
Typ6nHa n sneKTporeHepaTop nocTOAHHoro TOKa 

CO CTa6HJ1M3aTOpOM 3JieKTpOABM>KyLAeM CMJIbl 

BKnroneHbi nooneAOBaTeribHO. 5 3.n. cjD-ribi, 8 mji. 
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M3o6peTeHne othocmtca k o&nacTM 
3Heproc6eperaK)LL4MX TexHonorMM, b nacTHOCTM k 
o&nacTM ncnorib30BaHH5q 3Heprnn BeTpa a^a 
nony^eHWfl 3neKTpo3Heprnn. A KTy a ji b h oct b 
peiueHMfl 3HepreTHMecKoti npo6neMbi 
onpeAerifieTCfi He ToxibKO MCTOLii,eHMeM 
opraHMHecKMX mctohhmkob 3HeprnM (HecpTb, ra3, 
yronb), ho n OKonornHecKUM BpeAOM ot mx 
cropaHUfl. Ha 3Ty npo6neiviy o6paLU,afOT 
BHUMaHne n KpynHeMLiine HeqbTera30Bbie 
KOMnaHnn n npaBMTejibCTBa HeKOTopbix CTpaH. 
TaK b [1] cooeLnaeTCfl, hto KOMnaHMfl "Rowan 
flaTH LUenn" Bbiflennna Ha pa3paooTKM b 
o6nacTM ncnonb30BaHnn aHeprnn BeTpa, coriHua 
m pacTMTenbHOCTH 500 mjih. flonnapoB m, no ee 
nporH03aM, k 2010 r. MnpoBOM pbiHOK TonbKO 
con Hen ho m OHepreTHKM AOCTurHeT 6 Mfip. 
AOJiJiapoB, BMecTO HacTOflLL^ero 1 MJip. 
AOJiJiapoB. B [2] coo6LnaeTCH, hto 
npaBHTeribCTBO flaHMH nnaHnpyeT k 2030 r. 
yBenwHUTb Aonio conHeHHOM m BeTpoBOM 
3HepreTHKH b o6LH,eivi oanaHce c 4% ao 30%, a b 
[3] cooo'LAaeTCfl, hto b ronnaHAMM b Hanane 
HOBoro Tbic^HeneTHfl npeAnonaraeTca BHeApnTb 
5000 BeTpo3neKTpocTaHL\HM n 20% 
noTpe6MTenefi aneKTpoGHeprnn nonyHMTb 3a 
cneT BeTpa. AHanornHHaa 3aAana peiuaeTCfi b 
[4]. B [5, 6] npHBOAflTca A^HHbie atia 
2-nonacTHoro KpbiJibHaToro BeTpoABMraTerm 
MOLAHOCTbfo ao 3000 kBt, ahuhoCi nonacTeCi 100 

M M LUMpHHOM 5 M. B [7] npMBOA^TCfl 
KOHCTpyKL4MM BeTp03HepreTMHeCKMX yCTaHOBOK \A 

npnivieHeHne nx, b nacTHOCTH, b ceribCKOM 

X03flMCTBe. B [8] BBOAETCfl 3-M BMAa 

KOHCTpyKi4HM BeTpoABMraTenefi (KpbinbHaTbie, 
KapyceribHbie m 6apa6aHHbie). OcHOBHbiM 
HeAOCTaTKOM cyLU,ecTByKDLHMX BeTpoABMraTeneCi 
flBnaeTCfl MaribiM KoscfccfcMUMeHT ncnojib30BaHnn 
nnoLi^aAM BeTpoBoro Koneca (oTHOiueHne 
nnou^aAM nonacTePi k nnom,aAM ceneHUfl 
UMJiMHAPHHecKoro BeTpoBoro naMMHapHoro 
noTOKa Ha nonacTw). TaK a^a KpbiribHaTbix ohm 
AOCTi/iranDT 0,42 (aha MHorononacTHbix), a 
KapycenbHbix m 6apa6aHHbix Bcero 0,1. flna 
rnraHTCKoro BeTpoABuraTeriJR [5, 6] oh 
cocTaBJifleT Bcero 0,03. 

HsBecTHa BeTpoTypGnHHas aneKTpocTaHLJ.Mfl, 
coAep>KaLi^afl ycunnTenb ckopoctm BeTpa, 
B03AyuJHyK) Typ6nHy w reHepaTop nocTOSHHoro 
TOKa co CTa6njiM3aTopoM 3JieKTpoABH>KyLueM 
curibi (cm. RU, 2147693 C1 , kji. F 03 D 1/04, 
20.04.2000, 7 a), no coBOKynHOCTH 
cy^ecTBeHHbix npn3HaKOB, npMHHTaa 3a 
6nn>KaMLiJMM aHanor (npoTOTun) M3o6peTeHH£. 

HeAOCTaTKaivin sneKTpocTaHU.MM fmnaroTCfl 
HM3KMM KTIfl, n yAenbHaa MOU^HOCTb ABuraTena. 

TexHMHecKMM pe3yribTaT, 3aKn ioh arc lu,m mca b 

nOBblLJJeHMM Kllfl H CTa6MJlbHOCTH 

3fieKTpoABH>KyLi4ePi curibi npn n3MeHeHMH 
ckopocth BeTpa n Harpy3KH sneKTporeHepaTopa, 
o6ecneHMBaeTC5i 3a cneT Toro, hto b 
BeTpoTyp6nHHOM sneKTpocTaHUMn, coAep>KaLLi,eM 
ycunnTerib ckopoctm BeTpa, B03Ayu_iHyto 
TypoMHy n reHepaTop nocTOHHHoro TOKa co 
CTa6nnn3aTopoM 3neKTpoABH>KyLJ4eM curibi, 
cornacHO M3o6peTeHHfo ycMnMTenb ckopocth 
BeTpa, AByxcTyneHHaTaa B03AyuJHa^ Typ6nHa v\ 
sneKTporeHepaTop nocTOfiHHoro TOKa co 
CTa6miM3aTopoM 3JieKTpoABH>KyLi4eM curibi 
BKJifOHeHbi nocneAOBaTeribHO, npw stom 
ycMfinTerib ckopoctm BeTpa coctomt M3 AByx 
KOHycoB BHeujHero n BHyTpeHHero, 
pacnono>KeHHbix HaBCTpeny APyr APyry cbohmh 

BepLLIHHaMM M OKMMaKJLAMMH BOSAyLUHbM nOTOK, 

yBeriMHMBafl CKopocTb BeTpa. Bo3AyLUHafl 
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TypSnHa coctomt M3 AByx nocneAOBaTenbHbix 
CTyneHeM, npi/Meivi nepBa^ CTyneHb pa6oTaeT Ha 
naMUHapHbM B03AyLUHbiM noTOK, a BTopasq Ha 
BwxpeBofi. fln^ nonyHeHM?i waKCMMaribHoro 
BpamahOLnerocfl MOMeHTa Ha Banax poTopoB 
CTyneHeM JionaTKM (nonacTM) poTopoB 
pacnonarawTCfl noA ymoM 45 ° k ocm 
BpameHMfl, a no OTHOLueHMto CTyneHeM - noA 
ymoM 90°, Ana comacoBaHMfl HanpaBJieHMfl 
Bpaii^eHMa poTopoB CTyneHeM m coochoctm 
BanoB poTopoB Me>KAy cTyneH^MM 
npeAycMOTpeH cornacyK)L4MM peAyKTop c 3-ivm 
3y6naTbiMM sai^enneHMflMM, a b CTa6MfiM3aTope 
3neKTpoABM>KyLL^eM CMribi npeAycMOTpeHO 
ycTpoMCTBO, a>opMMpyfou4ee TeKyLuee 3HaneHMe 
3flC, cocTOflinee M3 HeriMHeMHoro sneivieHTa, 

BXOAOM B KOTOpbIM flBJIfleTCfl TOK B036y>KAeH Mfl , 

a BbixoAOM - CMman, nponopuMOHaribHbiM 

MarHMTHOMy nOTOKy M MHO>KMTeJlbHOrO 

sneivieHTa, b KOTopbiM bxoa^t CMTHaribi ot 
HeriMHeMHoro srieMeHTa m ot A^THMKa yrnoBOM 
ckopoctm (TaxoreHepaTopa), a BbixoAOM - 
Hanpa>KeHMe, paBHoe 3flC, KOTopoe 
cpaBHMBaeTca c 3aAaHHbiM, m OTKiioHeHMe 
noAaeTca b Sjiok ynpaBJieHMfl tokom 
BQ36y>KAeHiifi reHepaTopa. 

nocTaBneHHas 3aAana peiuaeTCfl, cornacHO 
cjDMr.1, arperaTOM, coctoj^laum M3 crieAyK)LJ4MX 
6jiokob: 

1 - ycuriMTerib CKopocTH BeTpa; 

2 - B03AyuJHafi Typ6MHa; 

3 - sneKTporeHepaTop nocTOAHHoro TOKa; 

4 - CTa6MJ1M3aTOp 3JieKTpOABM>KyL^eM CMJIbl 

reHepaTopa 3; 

N B - MoinHOCTb BXOAHoro noTOKa BeTpa; 
N y - BbixoAHafi Mou^HOCTb ycujiMTen^ 1; 
N T - BbixoAHaa MOiAHOCTb Typ6MHbi 2; 

N r - BblXOAHafl MOLU,HOCTb 

aneKTporeHepaTopa 3; 

V B - nnHeMHasq CKopocTb Ha BXOAe 1; 

V y - riMHeMHafi CKopocTb Ha BbixoAe 2; 
« T - yrnoBafi CKopocTb BbixoAHoro Bana 
Typ6MHbi 2 m reHepaTopa 3; 

U r - Hanpa>t<eHne Ha 3a>KMMax 3; 

i B - TOK B036y>KAeHM3 3. 

3HepreTMHecKan CBfl3b wie>KAy 6noKaMki Ha 
c|DMr.1 yKa3aHa BepxHMMM CTperi KaMM Me>KAy 
MOLAHOCTflMM N B , N y , N T M N r M aHariMTMHecKM 
onpeAen^eTCfi ypaBHeHUfiMM (1), (2), (3) 

N y = % .N B , (1) 

N T = in T -N y = T lT .r| y .N B , (2) 

N r = r| r «N T = rj r «r| T «r| y #N B = r| 3C #N B , (3) 



Kl~lfl ycMfiMTenfl, Typ6MHbi m 
- Kflfl sneKTpocTaHi^MM b 



TAe r| y) T| T , r\ r 

reHepaTopa, a r| 
i^enoM. 

AHaJIMTMHeCKaa CB^3b Me>KAy CKOpOCT^MM 

onpeAeriMTCfl ypaBHeHMfiMM (4) n (5) 
V y =K y .V y , (4) 
« T = K T .V y , (5) 

rAe K y - KoscfxfiML^eHT ycMJieHMfl ycuriMTerifl 

1, 

K T - K03c|DcjDMi4iieHT nepeAaHM Typ6MHbi 2. 
Ha cjDMr.2 npeACTaBJieH nepTe>K KOHCTpyKi^MM 
BeTpoABMraTena, cocToaineM M3 2-x otiokob 

yCMTIMTen?! CKOpOCTM M Typ^MHbl, Ha KOTOpOM 

o6o3HaneHo: 

1 - BHeiuHMM yceneHHbiM KOHyc ycMfiMTerin 
ckopoctm; 

2 - BHyTpeHHuPi KOHyc ycMJiMTen^ ckopoctm; 

3 - BXOAHas KpbiLUKa CTaTopa nepBOM 
CTyneHM TypGMHbi; 

4 - nonaTKM poTopa nepBofi CTyneHM; 
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5 - L^MJiMHflpMHecKafl nacTb CTaTopa nepBOM 
cTyneHM; 

6 - BbixoflHafl KpbiLUKa CTaTopa nepBofi 
CTyneHu; 

7 - Lii/innHflpuMecKafl nacTb, coeAMHatoLnaa 
CTaTopbi nepBOM m btopom CTyneHu Typ6nHbi; 

8 - nepeAHaa KpbiLUKa CTarapa BTopoM 
CTyneHu; 

9 - L^nriMHflpuHecKafl nacTb CTaTopa BTOpOW 
CTyneHu; 

10 - 3aAHaa KpbiLUKa CTaTopa BTopofi 
CTyneHu; 

11 - l4MJ1MHflpHHeCKMe OKHa B KpblLUKaX 

CTaTopoB; 

12 - peAyKTop iwe>KAy crryneHflMM TypBuHbi; 

13 - nonaTKM poTopa BTopoM CTyneHW 
Typ6nHbi; 

14 - Ban poTopa nepBOM CTyneHM TypGMHbi; 

15 - Ban poTopa btopom CTyneHM TypBuHbi. 
OmMHUTeribHbiM npn3HaKOM npeAnaraeivioro 

BeTpoTyp6nHHoro ABHraTena aBnaeTca Hannnne 
yonnnTena ckopocth BeTpa, cocToamero H3 2-x 

KOHyCOB, Me>KAy KOTOpblMH npoxoAMT 
OKMMaHDLAMRCJI B03AyUJHblM nOTOK, M 

2-CTyneH^aTOM Typ6nHbi, CTyneHW KOTopow 
coeAHHeHbi cornacyioLAHM peAyKTopoM, 
Ha3HaMeHne KOToporo comacoBaTb 

HanpaBneHMe BpameHMS BanoB potopob nepBOM 
m btopom ceKi4MM Typ6nHbi (eonn poTopbi ceKunw 
coeAMHUTb oahum BanoM, to TypGnHa paocrraTb 
He 6yAeT). 

KanecTBeHHafl CTopoHa pa6oTbi Typ6nHbi 
onpeAenaeTca cneAyfOLneCi 
nocneAOBaTenbHOCTbfo. l4nnnHApnMecKHM 
naMMHapHbiw iiotok BeTpa ct> 0) AnaivieTpoM 
D o (cfci/ir.2), oSnaAafOLAMM MOiAHOCTbhD N B , 
BXOflMT B MeKKOHyCHOe npocTpaHCTBO 
ycnni/iTena ckopoctm BeTpa. MacTb 3Heprwn 
noTepaeTca npn OTpaxeHnn ot KOHWHecKow 
noBepxHOCTH w npeBpaTHTca b Tenno m 

BHyTpeHHKJK) 3HeprHK) KOHyCOB. l~l03TOMy nOTOK 

BeTpa Ha Bbixofle ycunMTena m BXOAe b Typ6nHy 
6yAeT MMeTb MOLAHOCTb MeHbLLiyra Ha BeriMMUHy 
3thx noTepb. 

Hepe3 i4MJiMHApnHecKoe okho c 3-Ma 
nepeMbNKaMM Me>KAy BepxHew m HH>KHeti nacTbto 
KpbiiuKU CTaTopa nepBOM CTyneHM 3 (cjDnr.2) 
B03AyuJHbiM noTOK nonaAaeT Ha nonacTM 4 nofl 
yrnoM ot k HopiviaM nnocKOCTH nonaTOK. 
ripn a=45° nonynaeTca max BpaLAaromeroca 
MOMeHTa Ha Bany poTopa nepBoPi ceKL^w, a 

COOTBGTCTBSHHO, H MOLUHOCTH . 

Ha nonaTKe BeTpoBOM noTOK pa3naraeTca Ha 
ABe nepneHflMKynjqpHbie nacTM, OAHa M3 KOTopbix 
coBnaAaeT c Hopivianbio k nonaTKe, a BTopaa 
napannenbHO ew, KOTopaa npeBpaujaeTca M3 
naMMHapHoro b BuxpeBOM noTOK, KOTopbifi nepe3 
3aAHee okho KpbiujKM 6 (cf)nr.2) npoxoAUT Ha 
bxoa BTopoiTi ceKL^nn KpbiujKM 8 n nepe3 OKHO 
nocTynaeT Ha nonaTKH 13 poTopa BTopow 
ceKi^nn, KOTopbie pacnono>KeHbi 

nepneHA^KynflpHO nonaTKaM nepBOM ceKi^nw n 
o6ecneMHBaK)T max nepeAaBaeivioro 

BpaLnafOLAero MOMeHTa, a cooTBeTCTBeHHO, n 
MOU4HOCTM. BoneACTBwe nepneHAWKynapHoro 
pacnono>KeHna nonaTOK poTopa nepBofi n 
btopom ceKi^MM TypGnHbi BpanjeHMe poTopoB 
6yAeT B3awMHO npoTHBonono>KHoe (6es 
peAyKTopa), nosToiviy pnn cornacoBaHMa 
HeobxoAMMO co6ntOAaTb b peAyKTope 
He^eTHOCTb 3ai4enneHnCi LuecTepeH m ycnoBue 
coochoctm ocefi poTopoB. TaKUM o6pa30M 3 
MOLAHOCTb Ha Bany poTopa btopom ceKi4nn 6yA©T 
onpeAenaTbc^ KaK MOLAHOCTbfo nepBOki, TaK n 
btopom ceKU,nn (apncf)MeTMHecKoPi CyMMOM) n 
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nepeAaBaTbCfl oneKTporeHepaTopy nepe3 Ban 
15. 

KonnHecTBeHHbie cooTHOiueHMfi Me>KAy 
SHepreTHMecKHMH BennMUHaiwn (molahocth, 
cunaMU, AaBneHMflMM) n reoMeTpneM 
BeTpoTypGi/iHHoro ABuraTen^ mo>kho 
onpeAennTb Ana BeTpoBbix noTOKOB; 
i4nnnHApwHecKoro BXOAHoro a ycunnTenb, 
OTpa>KeHHoro ot KOHycoB ycunnTena m 
OTpa>KeHHoro ot nonaTOK poTopoB ceKi^MM 
Typ6nHbi m npeBpaLAafOLAMX nocTynaTenbHoe 
ABH>KeHne B03Ayxa bo BpaLAaiOLAee ABM>KeHne 
poTopoB Typ6nHbi. 

3HepreTMHecKne BennnnHbi 
i_|nnnHAPMMecKoro BXOAHoro noTOKa 

AnaivieTpa D 0 (cjDnr. 2) onpeAenjRK3TC?i cornacHO 
c|DMr.3 Ana npupaLAeHMJR KMHeMaTMHecKOM 
3Heprnn (6) 

dW = dmxvf:2 = P . 3C .Do.vi.dx:8 l (6) 

rAe P - nnoTHocTb B03Ayxa, 

D 0 - AnaiuieTp BXOAHoro BHeujHero KOHyca 
ycunnTena ckopoctm, 

V B - CKopocTb naMMHapHoro noTOKa BeTpa, 

dx - oneivieHT nyTM b HanpaBneHMM BeTpa. 

Ecnn (6) pa3AennTb Ha sneivieHT BpeivieHU dt, 
to nony^nM Bbipa>KeHne Ana molahocth BToporo 
noTOKa N B (7) 



2 z 

N = clH: = p+lT + D *V »(dx:dtM 8 = 

b Ob 



2 3 

p»n*i> *v :s. 

0b 



C7> 



Pa3AennB (6) Ha aneivieHT dx, nonynuM 
Bbipa>KeHMe A-na cunbi BeTpoBoro noTOKa (8) 

F B =dW:dx = P .7i.Do.vf:8. (8) 

A ynnTbiBaa noH^Tue AasneHna KaK 

OTHOiueHMfl cunbi Ha nnoLnaAb, to Ana Hero 

nonyMMM 

P B = (F B :S B ) = p.V§:2. (9) 

rAe S b =tc.Do 2 :4 - nnoLuaAb ce^eHna 
BeTpoBoro noTOKa b HanpaBneHMM x. 

Pa6oTa B03Ayi-UHoro noTOKa b Me>KKOHycHOM 
npocTpaHCTBe ycunnTena cko P octh 
onpeAennTca no BeKTopHOM AnarpaMMe 
AaBneHnPi Ha cjDnr.4, Ha KOTopow o6o3HaneHo: 

x - ocb, coBnaAafOLAaa c HanpaBneHneM 
BeTpa; 

L - ocb, coBnaAatoLAaa c o6pa3ytoLAeM 

OAHOm M3 KOHyCOB \ 

n - Hopivianb k L; 

p 0 - AasneHkie BeTpa b HanpaBneHMM x ot 
BXOAHoro noTOKa b iwe>KKOHycHOM npocTpaHCTBe 
ycunnTena; 

POn - cocTaBnaroLAaa po b HanpaBneHUM n; 

Pol - cocTaBnaraLAaa p 0 b HanpaBneHMM L; 

p-i - AaBneHne ot pa>Ke h ho ro ot KOHyca 
noTOKa BQ3Ayxa; 

p-in - cocTaBnaiOLAaa p-i b HanpaBneHMM n; 

Pii_- cocTaBnaHDinaa pi b HanpaBneHMM L; 

pi x - cocTaBnatOLAaa pi b HanpaBneHMM x; 

P2x - BTopaa KBaApaTypHaa 
cocTaanflioLL^afl pi; 

ot - AononHMTenbHbiM yron k yrny naAeHna 
BXOAHoro noTOKa Ha KOHycHyra noBepxHOCTb; 

p - AononHHTenbHbitf yron Kyrny OTpaweHHa 
flns OTpa>K9HHoro noTOKa. 

Ecnn b KanecTBe MOAenn ncnonb30BaTb 
cnyMaw Kocoro yAapa LuapuKa o noBepxHOCTb c 
noTepaMM GHeprnn [9], to pa3HOCTb Me>KAY 

P On M Pin MO>KHO TpaKTOBaTb K3K nOTepHD 
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.qaBJieHM^ fln^ 6e3B03BpaTHbix noiepb, 
yxoA^LUHx Ha HarpeB KOHyca, a p i n wp&T Ha 
M3M6HeHne BHyTpeHHeM GHeprnn KOHyca. 
ComacHO [8] ncrepfl GHeprnn onpeAermeTCfl no 

K03CjDC}DHI4H6HTy BOCCTaHOBJieHMfl "k" KaK 

OTHOLueHne tg yma nafleHna (90 °-a) k yrny 
oTpa>KeHwa (90°-p), T.e. 

K = tg(90°-oc):tg(90°-p) = tgp:tgoc, (10) 

rfle k<1 . 

Ecnn noTepn Ha HarpeB OTcyTCTByioT, to 
k=1, a An?) CTeKJiflHHoro LLiapa, naAaio^ero Ha 
CTeKTiflHHyK) noBepxHOCTb k=15:16 *0,9375, 
T.e. 0,0625 ot BXOAHoro KonnHecTBa ABM>KeHH5R 
MAeT Ha HarpeB CTeKna. KoHeHHO TaKaa MOAexib 
He MO>KeT noriHOCTbfo o6TDflCHHTb npoueccbi 
OTpa>KeHna H3CTMI4 B03Ayxa OT nOBepXHOCTH 
KOHycoB m Tpe6yeT 3KcnepMivieHTanbHbix 
MccneAOBaHMM, ho oho aslst KanecTBeHHyra 
CTopoHy npoi^ecca. noTepM GHeprnn 3aBMCHT ot 
Ka^ecTBa noBepxHOCTH KOHycoB. Ecnn 
noBepxHOCTb OTnonnpoBaHa, to noTepw 6yflyT 
MeHbLue, hgm Ana LuepoxoBaTOM. riocKonbKy 
nnoTHOCTb "p" 3aBncnT ot Bna>KHocTM B03Ayxa, 
to v\ noTepw 6yAyT 3aBnceTb ot BnaxHOCTH 
B03Ayxa (BeTep c ao>kabm hum co CHeroM). Ecjim 
MAeann3npoBaTb npoijecc c OTcyTCTBMeM 
6e3B03BpaTHbix noTepb Ha HarpeB, T.e. 
CHHTaTb ot =p, to cornacHO A^sirpaiviMe 0nr.4 m 

COOTHOLLieHHfi (7) H (9) nOJiyHHM MOLi^HOCTb 

BXOAHoro noTOKa ycunHTenn (1 1) 

N B = P B .V B .7cD§:4, (11) 

a Ana BbixoAHoro noTOKa ycmimerm (12) 

Ni = P 1x .V 1b .*(Di-D2):4, (12) 

P B =p 0 «V B 2 :2 - AasrieHHe BeTpa Ha 



rAe 



Bxofle ycunnTejifl ckopoctm BeTpa; 
2 

p 1x = p 0 «Vi«cos2a:2 - AasneHne BeTpa Ha 
BbixoAe ycMnHTerifl; 

V B - CKopocTb BeTpa Ha Bxofle ycmiMTensq; 

Vi - CKopocTb BeTpa Ha BbixoAe ycvini/rrej-m. 

nocKoribKy noTepw Ha HarpeB KOHycoB 
cornacHO ycnoBMK) HAeann3ai4HM OTcyTCTByioT, 
to N-j=N B , T.e. Knfl ycMiiMTerifl paBeH 1. 

npnpaBH3B (11) m (12) c yneTOM 

3aBMCMMOCTM P B M P-| x OT CKOpOCTeM, nOfiyHMM 

(13) 

Vb.D5 = N/i*(Di-D§).cos2a, (13) 
M3 KOToporo nonyHMM (14) 



3/ ? 
v — Z/ d : [ 

1 y o 



-D > *cosZ(l(] »V — K xV 
Z eye 



rAe 



3/ 

< = 7d 
y y 



z z 

CCD — D > •cosZCfl 
1 Z 



Kos-qbqbHL^eHT ycMneHUfl BeTpa. 

EcriH ynecTb noTepn Ha HarpeB, to 
noAKopeHHoe Bbipa>KeHne Heo6xoAMMO 
yMHOKHTb Ha Knfl ycMJiMTena. 
BeiiMHMHa oc<45°, t.k. b 

cnynae oc=45° BbixoAHaa MomHOCTb ycmiwTerm 
6yAeT paBHa 0 h bca CHCTeMa paooTaTb He 
6yAeT, noaToiviy a peKOMeHAyeTca Bbi6"MpaTb b 
npeAenax (15-30)°, t.k. ot a 3aBHGHT BbicoTa 
KOHycoB H, a cooTBeTCTBeHHO, m pa3Mepbi 
ycMfiHTena. 

Ha BeKTopHOki A^arpaMMe cmji 0nr.5 
OTo6pa>KeHO newcTBwe B03AyiuHoro noTOKa b 2-x 
CTynei-mx Typ6nHbi. Ha qbi/ir.5 o6o3HaneHo: 

1 . L - ocb, ne^au^a* b nnocKOCTH nonaTOK 
poTopoB CTyneHeM Typ6nHbi; 
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2. n - HopManb k nonaTKe (k och L); 

3. F x i=So»Pix - curia, Ae^cTByfoiAaa Ha Bee 
nonaTKM nepBoPi cryneHH Typ6MHbi; 

4. So - njiomaAb BXOAHoro OKHa bxoahom 
KpblLUKM CTaTopa Typ6nHbi; 

5. F n -i - npoeKi^Ha CMJibi F x i Ha HopManb n; 

6. F n 2 - npoeKi^Hfl CMJibi F n i Ha HopManb k x; 

7. F n 3 - npoeKi^Ha cnribi F n i Ha ocb x; 

8. F L1 - npoeKi^Hfl cnribi F x1 Ha ocb L; 

9. F L2 - npoeKHMfl CMJibi F L1 Ha HopManb k 
och x; 

10. F|_3 - npoeKLjMfl cmibi L 1 Ha ocbx. 
Curia F x1 pacKJiaAbiBaeTCfl Ha 2-e 

HopMaribHbie ckiribi F n -| m F|_i- 3tmm 
pa3Jio>KeHMeM noTOK, nocTynajomMPi Ha nonaTKM 
nepBOM CTyneHM, pacKnaAbiBaeTCfl Ha 2-e 
cocTaBriFiHDLU^Me - HopiviaribHyK), onpeAermfOMyK) 
CMJioM F n i, m naparuienbHyfo nonaTKaM poTopa 
nepBOM CTyneHM, onpeAenneMyto cmjiom F li- 
BTopafi cocTaBJiflfOLnaa b BMAe BMxpeBoro 
noTOKa yxoAMT bo BTopyfo CTyneHb Typ6MHbi, a 
nepBaa, nocne pasnoxeHMfl CMJibi Ha F n2 m 

F n 3 Ha 2 nOTOKa, OAMH M3 KOTOpblX, 

onpeAen5qeiwibiM cmtiom F n 2, m co3AaeT 
Bpau^atoLUMM MOMeHT Ha Bany poTopa nepBOM 
ceKi^MM. noane pa3no>KeHM?i F li Ha A^e 
cocTaBn?ihOL4Me F L2 n Fl3, a c yneTOM Toro, 
hto F L1 HopiwajibHa k nnocKOCT^M nonaTOK 
btopom ceKi^MM, BpaLu,aKDLHMM MOMeHT Ha Bany 
poTopa btopom ceKL4MM onpeAenseTCfl cmjiom 

F L2: HOpMaJIbHOM K OCM X. 

H3 A^arpaMMbi bmaho, hto 

nocKoribKy |F n2 | =|F n1 | n ohm HanpaBneHbi 
HaBCTpeny, to Me>KAy ceKi4M^MM HeoSxoAMM 
peBepcMBHbiM peAyKTop, corn acy to L14 m m 
HanpaBneHM5^ Bpau^eHMfl BanoB ceKi^MM, hto 

B03MO>KHO JIMLUb npM HeHeTHOM KOJIMHSCTBe 

3ai4enneHMM LuecTepeH peAyKTopa, a c yneTOM 
COOCHOCTM oceM nepBOM M BTOpOM CTyneHM, MX 
AonxHO 6biTb min 3, hto m 3ano>KeHO b 

KOHCTpyKI^MM Cf)MT.2. 

CB33b MexcAy Typ6MHOM M 

sneKTporeHepaTopoM MO>KeT ocymecTBrmTbCfl 
n3BecTHbiMH cnoco6aMM (peMeHb, noBbiLuatoLunw 
peAyKTop, MycjDTbl). 

riOCKOribKy OCHOBHbIM B03MyLAeHMeM A^ifl 

reHepaTopa b a^hhom cnynae flBJifleTca 

M3MeHeHMe BeriMHMHbi ckopoctm BeTpa, TO M 

CTa6MJ~iM3ai4Mfl Hanpsq>KeHM?i Ha 3a>KMMax 

reHeparapa ocyLnecTBJifleTca nepe3 

CTa6MJ1M3ai4MK) 3TieKTpOABM>KyLJ4eM CMJibi (3flC). 

YnpaBriflioLUMM B03AeMCTBMeM fmrmeTCfi tok 
BC36y>KAeHiifi reHepaTopa i B . 

3aBMCM MOCTb OflC ot MarHMTHoro noTOKa <$> 
m yrnoBOM nacTOTbi « onpeAeriMTCs^ (15) 

E = K •M*<P, CIS) 
r r§ 

rAe E r - 3flC reHepaTopa; 
00 - ymoBafi nacTOTa BpaLi^eHMS Bana 
reHepaTopa; 

O - MamMTHbiM noTOK; 
K r =[(N.P):(2^a)]; 

N - HMcno CTepxHeM akophom L4enM 
reHepaTopa; 

p - HMcno nap norifocoB; 

a - HMcno nap napanneribHbix BeTBew. 

Ha qbMr.6 npeACTaBneHbi rpacj^MKM E r =f(i B ) 
reHepaTopa Ana nacTOT co H m & 2 > 

npMHeM co 1 <to H <© 2 , rAe co H - nacTOTa, 

COOTBeTCTByHDLI^afl HOMMHaJIbHblM pe>KMM3M 

pa6oTbi reHepaTopa, onpeAenaeTCfl 3HaHeHnnMM 
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E r =Er H . i B = i B H na rpao>MKe » = oo H . 

npn yBexiMHeHMM CKopocTM BeTpa 
yBeriMHMTC^ m w flo w 2 - B stom cnynae 3flC 
yBennHMTC5i Ha BenMHWHy aE p m atia 
noAqepxaHna E r = E rH tok bo 36y >KAe h m £i 



Heo6xoflMMO 



yMeHbiuaTb 



M3o6pa>KaK)Li4aa TOHKa 6yfleT nepeMemaTbCfl no 
BepxHeMy rpaopMKy ot tohkm "a" ao tohkm "b". 
ripn yMeHbLueHUM co flo © 1 3flC yMeHbLUMTCfl Ha 
BeiiMHMHy - A E r m tok B036y>KAeHMfl 
i B Heo6xoflHMO yBenMHMBaTb ao i B =ii, HTo6bi 
E r = E rH , n3o6pa>KaioLnafi TOHKa GyfleT 
nepeMemaTbCfl no HHKHeiwy rpacfiUKy ot tohkm 
"c"ao "d". 

Ha cf>nr.7 npeACTaBneH rpaqbMK 3aBMCMMOCTM 
MamnTHoro noTOKa ot TOKa B036y>KAeHWfl. 

Ha cj3nr.8 npeACTaBneHa cxeivia co 
CTa6nnM3aTopoM 3flC reHepaTopa, Ha KOTopofi 
o6o3HaneHo: 

1 - reHepaTop; 

2 - BbixoflHaa i^enb Harpy3KM reHepaTopa; 

3 - AaTHWK yrnoBOM naoroTbi 
(TaxoreHepaTop); 

4 cfcyHKLjMOHanbHbifl aneMeHT, 
OTo6pa>KaioLL4MM rpacj^MK cfcnr.7; 

5 - ycujinTejib; 

6 - ynpaBJifliomuM tokom B036y>KAeHWfl 6jiok; 
co - yrnoBafl nacTOTa Bpaii^eHMfl Bana, 

paBHaa 7t«n:30; 

n - o6opoTbi Bana; 
E r - 3flC reHepaTopa; 
U H - Hanpw>KeHMe Harpy3Kn; 
O - noTOK B036y>KAeHHfl; 
i B - tok B036y>KAeHM^; 

E r 3 - 3aflaHHoe 3HaneHMe 3flC reHepaTopa; 
aE f - OTKJiK)HeHMe 3flC E r ot E r 3. 
PaooTa CTa6nriM3aTopa onpeAenneTca 
cneAyfOLL^HM o6pa30M. 

ripM M3MeHeHMM CKOpOCTM BeTpa M3MeHflTCfl 

o6opoTbi TypSnHbi n yrnoBOM nacTOTbi © Bana 
reHepaTopa, KOTopaa M3MepaeTCfl AaTHMKOM 3, 
M3MeHHTCfl n 3flC reHepaTopa E n hto npn 
HariMHUn KOHTypa Harpy 3kw He npeACTaBnaeTCfl 
B03MO>KHbiM, b npeAnaraeMotf cxeMe 3Ta 
BeriMHMHa BbiHMcnaeTCfl nyTeM nepeMHOxeHna 
curHanoB ot AaTHMKa yrnoBOM ckopocth eo n 
cum an a ot HennHewHoro aneMem~a 4. 

B stom cnynae nocTOFiHHbiM KOGC^qbuL^neHT 
BbixoAa MHO>KHTeribHoro ycTpoMCTBa AQ-n>KeH 
6biTb paBeH K r . BbixoA MHO>KMTeribHoro 
ycTpowcTBa, paBHbiM E r (ecnn nocTOAHHoro 
K03c}x£ni4neHTa HeAOCTaTOHHO Ana paBeHCTBa 
K r , to HeooxoAHM ycMnwTenb Hanpfl>KeHMfl), 
cpaBHMBaeTCJi c saAaHHbiM Hanp^eHMeM 
reHepaTopa E rH , a OTKJioHeHne A E r nepe3 
ycunnTeiib 5 nepeAaeTca b ynpaBJiflfOLi^ee 
ycTpoMCTBO tokom i B 6 Ann aBTOMaTMHeCKOTO 
nepeivieLneHMfl u3o6pa>KaK0LAei?i tohku U3 "a" b "b" 

MflM H3 "C" B "d". 

HennHeMHbiM aneiweHT 4 Aon>KeH 
cooTBeTCTBOBaTb rpac|DMKy cJdmt.7. 

ripniviep BeTpoTpy6nHHoPi 3JieKTpocTaHi4MM c 
napaivieTpaiviM: Do=6 m; Di=3,I m; D2=2,9 m; 

BblCOTa OKHa BblXOflHOM KpblLUKU nepBow CTyneHM 

Typ6nHbi h=0,1 m; a=15°; H - BbicoTa KOHycoB 



paBHa 



5,4 



m; 



P =1,3 



Kr:M J ; r| y =0,95; r| T =0,95; T| r =0,9. flna AaHHbix 
napaivieTpoB npn CKopocTM BeTpa V B =10 m/c 
nonynuM N B =1 8,378 kBt, npn V B = 12,5 m/c 3 
N B =35 5 895; npn V B =15 m/c, N b =62,027 kBt, 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



(11563), 
(11651), 

(326), 
1989, 



32 



COOTBeTCTBeHHO C yHeTOM Knfl SJieKTpOCTaHL^HM 

noriyHMM AJi^ V B =10; N 3C =14,927 kBt, npn 

V B =20 m/c; N b = 147,027 kBt. CooTBeTCTBeHHO 
c yneTOM Knfl sjieKTpocTaHi^MM noriyHMM Afifl 

V B =12,5 m/c; N 3C = 28,2899 kBt; npn V B =15 m/c; 
N 3C =50,49 kBt npw V B =17,5 m/c, N 3C = 80,177 
kBt; V b =20 m/c; N 3C =1 19,423 kBt. 

ripeAnaraeMaa KOHCTpyKi^n^ 

BeTpOTypGMHHOM SJieKTpOCTaHI^MH MO>KeT HaClTM 

LUMpoKoe npuMeHeHne b c£epMepcKnx 
xo35RMCTBax skohommh sjieKTposHeprnn, a 
TaioKe b MecTax c 6oribLJJMMM 3anacaMH 3Heprnn 
BeTpa, b nacTHOCTM Ha Geperax Mopen n 
OKeaHOB. 
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Oopwiyna M3o6peTeHM5q: 

1 . BeTpoTyp6wHHafl sneKTpocTaHL^M^, 

BKJ1K3HaK3Uiafl B ce6"?i yCMJIMTeJIb CKOpOCTH 

BeTpa, B03AyuJHyK) Typ6nHy m reHepaTop 
nocTOfiHHoro TOKa co CTa6nriM3aTopoM 

3fieKTpOABH>KyLLieki CMJlbl, OTJIMHaHDLHaaCfl TeM, 

hto b Hei?i nocneAOBaTeribHO BKfifOHeHbi 
ycMJinTerib ckopocth BeTpa, AByxoryneHHaTafl 
B03AyuJHafl Typ6nHa m 3neKTporeHepaTop 
nocTOHHHoro TOKa co CTa6MfiM3aTopoM 

3fieKTpOABM>KyLLie^ CHJIbl. 

2. BeTpoTyp6nHHa?i sneKTpocTaHL^Mfi no n.1, 
OTnnHaK0U4a?icjR TeM, hto ycunnTenb ckopocth 
BeTpa coctout M3 2-x KOHycoB BHeujHero m 
BHyTpeHHero, pacnono>KeHHbix HaBorpeny Apyr 

Apyry CBOMMM BepLUHHaMU l/l OKHMaiOLL^MMM 

B03AyLUHbiM noTOK, yBejiMHMBa^ CKopocTb BeTpa. 

3. BeTpoTyp6iiHHafi sjieKTpocTaHi^Miq no n.1, 
OTJiMHafOLAa^ciq TeM, hto B03AyuJHafl Typ6nHa 
coctout M3 2-x nocneAOBaTenbHbix CTyneHew, 
npuneM nepBa^ CTyneHb pa6oTaeT Ha 
naMUHapHbM B03AyuuHbiM noTOK, a BTopaa - Ha 

BMXpeBOM. 

4. BeTpoTyp6nHHaa sneKTpocTaHi^Mfl no n.1, 
OTnuHaKOLAaacfl TeM, hto atia nonyneHUfi 
MaKCMMaribHoro BpaLnaraLnerocn MOMema Ha 
Banax poTopoB CTyneHeM nonaTKH (nonacTM) 
poTopoB pacnonarafOTCfl noA ymoM 45 0 k ocm 
Bpau^eHMfl, a no OTHOiueHMKO CTyneHeM noA 
yrnoM 90°. 

5. BeTpoTyp6nHHan 3JieKTpocTaHi4i/m no n.1, 
OTfinnaKOLAaficfl TeM, hto Ann cornacoBaHM^ 
HanpaBfieHMfl Bpau^eHna poTopoB CTyneHeM m 
coochoctm Ban ob poTopoB Me>KAy CTyneHM mm 
npeAycMOTpeH cornacyKDLUMM peAyKTop c 3-mji 
3y6naTbiMii 3anenneHHflMM. 

6. BeTpoTypfDMHHaa 3neKTpocTaHi4M^ no n.1, 
OTnMHaKOLnaacfl TeM, hto b CTa6nnM3aTope 
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3neKTpoABM>KyLL^eM cnnbi npeAycMOTpeHO 
ycTpoMCTBO, cjDopMynupy tonnes TeKymee 
3HaHeHne 3flC, cocTOfiLi^ee H3 HenwHetfHoro 
aneMeHTa, bxoaom b KOTopbiw ABJifleTCfl tok 
B036y>t<AeHi/ifl, a BbixoflOM-curHan, 
nponopi_|noHaribHbiM MarHMTHOMy noTOKy n 
MHo>KHTGnbHoro aneivieHTa, b KOTopbiPi bxoaht 



curHanbi ot Hern Hew Horo GJieMeHTa v\ ot 
flaTHMKa ymoBOM ckopoctm (TaxoreHepaTopa), a 
BbixoflOM - HanpaxeHne, paBHoe 3flC, KOTopoe 
cpaBHMBaeTca c 3aAaHHbiM, h otkjiohshm© 
noAaeTC?i b 6jiok ynpaBJiem/ifl tokom 
B036y>KAeHMq reHepaTopa. 
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